Non-insulin-dependent (type II) diabetes has a strong familial component. In -1991 , a communitybased study of young Caucasian offspring (mean age, 15.3 years) of non-insulin-dependent (type II) diabetics (n = 25) and nondiabetics (n = 27) representing 13 and 12 families, respectively, was conducted in Bogalusa, Louisiana, to determine whether metabolic abnormalities could be detected in early life. All offspring were given a 1 -hour oral glucose tolerance test. The offspring of diabetics (versus nondiabetics) had significantly increased measures of body fatness; blood pressure; and fasting levels of glucose, insulin, glucagon, insulin-to C-peptide ratio, and triglycerides. The increases of systolic blood pressure, glucose, and glucagon remained significant after adjustment for differences in body mass index (BMI). After glucose challenge, only plasma glucose response was significantly higher in the offspring of diabetics, even after controlling for differences in BMI. None of the offspring of nondiabetics had 30-minute (peak) glucose levels above 161 mg/dl (8.9 mmol/liter), compared with 41% of the offspring from diabetics. High glucose response and BMI were independently associated with parental diabetes. These results indicate that it is possible to identify multiple abnormalities in some offspring of type II diabetics at an early age that may presage the onset of overt adult diabetes. Am J Epidemiol 1996; 144:962-7. coronary disease; diabetes mellitus, non-insulin dependent; glucose tolerance test
Non-insulin-dependent (type II) diabetes is a common disorder, with a prevalence rate of approximately 6 percent in the white population versus approximately 10 percent in the black US adult population (1) . Although type II diabetes has strong genetic and familial components (2) (3) (4) , identification of underlying defects that are antecedents remains elusive. Approaches used to identify antecedent markers of type II diabetes generally include 1) the study of asymptomatic firstdegree relatives of patients with the disease (5) (6) (7) (8) (9) (10) (11) , and 2) the study of ethnically distinct populations with high prevalence of the disease (12) (13) (14) . Since type II diabetes is essentially an adult-onset disorder, little attention has been focused on children. Few studies that addressed this issue in children involved genetically distinct, high-risk populations (15, 16) , the results of which may not be generalizable to other populations.
The Bogalusa Heart Study is a long-term, communitybased investigation of cardiovascular disease risk fac-tors in children and young adults (17, 18) . Observations regarding determinants of adverse levels of blood pressure and lipoproteins in children from this community revealed subtle abnormalities of glucose and insulin metabolism coupled with excess body fatness as the common factors (18) (19) (20) . Our study was initiated to determine whether such abnormalities could be detected in nondiabetic children and young adults with a parental history of type II diabetes.
MATERIALS AND METHODS
All white parents with a history of diabetes were identified by a questionnaire administered during the 1987-1988 cross-sectional survey of school-age children from the community of Bogalusa, Louisiana. In 1989-1991, we randomly recruited 25 offspring from 13 families who were available to be cases. Parental history of diabetes was then verified by a physician through medical records to exclude possible type I diabetics. None of the offspring had parents who were both diabetics. Matched by the age of the parents, 27 offspring from 12 families with no history of diabetes in parents, grandparents, uncles, or aunts were selected as controls. The case and control groups had similar (table 1) .
Measurements of weight, height, thicknesses of triceps and subscapular skinfolds, waist and hip circumferences, and blood pressure were obtained by the protocols previously used in the Bogalusa Heart Study (17) .
After an overnight fast (12 hours), a heparin lock with a butterfly needle was inserted in the subject's antecubital vein to perform an abbreviated oral glucose tolerance test. Venous blood was drawn immediately before and 15, 30, and 60 minutes after oral administration of 1.75 g glucose per kg body weight, with a maximum dosage of 75 g (225 ml).
Plasma glucose was determined by glucose oxidase method using Abbott Quick Start reagent (Abbott Laboratories, North Chicago, Illinois); plasma insulin, which includes proinsulin by a radioimmunoassay procedure, was determined by using the Phadebas insulin kit (Pharmacia Diagnostica AB, Uppsala, Sweden); plasma C-peptide by a radioimmunoassay kit (Incstar Co., Stillwater, Minnesota); plasma glucagon by a radioimmunoassay kit (ICN Biomedical, Inc., Costa Mesa, California); and plasma free fatty acids by a colorimetric procedure using a commercial kit (Wako Chemicals USA, Inc., Richmond, Virginia). Glycated hemoglobin was measured in whole blood by an affinity chromatography method, Glyc-Affin GHb (Isolab, Inc., Akron, Ohio). Serum total cholesterol and triglycerides were measured by enzymatic procedures in Abbott VP analyzer (Abbott Laboratories); lipoprotein cholesterols were measured by a combination of heparin-calcium precipitation and agar-agarose gel electrophoresis (21) .
Statistical Analysis System was used for various analyses (22) . In an analysis of variance, selected study variables were compared between offspring with and without parental diabetes, correcting for age. The offspring characteristics that were independently associated with parental diabetes were determined by using a stepwise logistic regression analysis.
RESULTS

Anthropometric, blood pressure, and serum lipoprotein levels
Measures of body fatness (body weight, body mass index (BMI), waist, triceps skinfolds, and subscapular skinfolds), systolic and diastolic blood pressures, and serum triglycerides were significantly higher in the offspring of diabetics than in those of nondiabetics (table 2) . However, only systolic pressure remained significantly higher in the offspring of diabetics after adjustment for differences in body fatness (BMI). It should be noted that the prevalence of other confounding lifestyle characteristics such as cigarette smoking, alcohol intake, and oral contraceptive use was similar between the two groups (data not shown).
Carbohydrate tolerance
Fasting levels. The offspring of diabetics had significantly increased levels of plasma glucose (especially males), insulin (especially females), and glucagon (especially females) when compared with controls (table 3 ). In addition, the offspring of diabetics showed significantly increased levels of insulin-to-C-peptide ratio (especially females), a measure of hepatic insulin extraction (23) . However, differences between the two groups remained significant only for glucose and glucagon after controlling for BMI.
Response to oral glucose load. Postglucose plasma glucose response (incremental area above fasting levels) was significantly higher in the offspring of diabetics than in the offspring of nondiabetics, especially males (figure 1). This significant trend persisted after controlling for BMI. The mean level of postglucose plasma glucose reached a maximum at 30 minutes in both groups, with the offspring of diabetics showing a significant increase over their control counterparts, independent of BMI. Postglucose plasma insulin and C-peptide responses remained similar in both groups (figures 2 and 3). Insulin level at 30 minutes was significantly higher in the female offspring of diabetics, but not after controlling for BMI. In addition, postglucose responses of plasma glucagon and free fatty acids as well as changes in insulin-to-Cpeptide ratio and insulin-to-glucose ratio did not show any significant differences between the two groups (data not shown). Plasma insulin level at 30 minutes after the glucose challenge has been considered to reflect /3-cell function and insulin action in normal individuals (24) . However, unlike 30-minute insulin levels, the 30minute glucose level showed a distinct pattern of distribution ( figure 4) . None of the offspring of nondiabetics had 30-minute glucose levels above 161 mg/dl (8.9 mmol/liter), whereas nine of 22 offspring of diabetics (41 percent) exceeded this value. Interestingly, of these nine offspring, four had a BMI of more than 27 kg/m 2 , and two showed glucosuria after glucose challenge. Postglucose glucose levels at 15 and 60 minutes did not show such a distinct pattern (data not shown).
Independent correlates of parental diabetes
In a stepwise logistic regression analysis, glucose response and BMI were the only variables that showed independent associations with parental diabetes (table  4) . For example, compared with offspring whose glucose response was at the 25th percentile (25.0 mg • hours/dl), offspring whose glucose response was at the 75th percentile (52.9 mg • hours/dl) were 2.5 times more likely to have diabetic parents.
DISCUSSION
This study demonstrates that it is possible to identify abnormalities of carbohydrate metabolism at an early age. Studies in adults have indicated that hyperinsulinemia and insulin resistance predate the development of the disease (10) (11) (12) (25) (26) (27) (28) (29) . Other studies in ethnic groups with an extraordinarily high prevalence of diabetes have shown that hyperinsulinemia in childhood is predictive of subsequent deterioration of glucose tolerance (15, 16) . In this study, the young offspring of diabetics displayed increased plasma glucose before Minutes After Glucose Intake p < 0.01 Minutes After Glucose Intake Minutes After Glucose Intake Characteristics also included age, fasting level of glucose, fasting levels, and postglucose responses (incremental area) of insulin, C-peptide, glucagon, free fatty acids, blood pressure, and lipoprotein variables, which did not enter the model at p = 0.15. and at all time periods after an oral glucose challenge, when compared with their control counterparts. This trend was independent of increased body fatness found in the former. Neither insulin nor C-peptide (a measure of insulin secretion) showed such an independent relation. Since siblings were included in this study, we repeated the analyses by including one offspring per family; similar results were obtained. It is of interest that none of the offspring of nondiabetics had 30minutes glucose levels above 161 mg/dl, whereas 41 percent of the offspring of diabetics exceeded this value. To our knowledge, there are no comparable data available in Caucasians of this age group.
Besides impaired insulin sensitivity, defect in insulin-independent glucose utilization is considered an important trait that defines diabetes susceptibility, whereas the measures of insulin secretion are not predictive (10, 11) . Further, a decrease in insulin action may antedate the development of significant hyperinsulinemia because insulin resistance without concomitant hyperinsulinemia was found in adult first-degree relatives of type II diabetics (9) . Our results suggest slow glucose removal in the young offspring of diabetics.
As in a previous study (6) , the offspring of diabetics showed significantly higher fasting levels of glucagon, a humoral insulin antagonist. Elevated glucagon levels are consistently found in type II diabetics (30) . Since both hyperglycemia and hyperinsulinemia usually reduce glucagon secretion (31) , it is likely that elevated levels of glucagon contribute, at least in part, to the increased glucose response in the offspring of diabetics, as previously suggested (6) .
Although increased glucose response and excess body fatness (as measured by BMI) were the two major traits that characterized the young offspring of diabetics, these individuals also displayed adverse levels of blood pressure and triglycerides that may be related to insulin resistance and excess body fatness. Obviously, long-term follow-up studies are needed in these young offspring to ascertain additional early markers of type II diabetes. These observations may have implications for primary prevention or modulation of the disease onset.
